INTRODUCTION
Parasitic infections are a heterogeneous group of diseases that have some common features. Most parasitic infections are chronic, and the host immune response reacts to the different stages of the parasite life cycle involving different parasite antigens. The chronicity of these infections is characterized by fluctuations in antigenemia and therefore in host responses. Although renal disease is not one of the common presenting features, many parasitic infections are associated with glomerular lesions. In this article, we first summarize the terminology used to describe the basic pattern of glomerular lesions pertinent to parasitic infections, then review the glomerulopathies observed and the pathogenic mechanisms thought to be involved in the individual infections, and finally discuss the general mechanisms that can be extracted from these observations.
GLOMERULAR PATHOLOGY
In general, glomerular lesions are described according to (i) the histologic appearance of glomeruli, (ii) the fluorescence pattern reflecting the location and the type of immunoglobulins and complement components in glomeruli, and (iii) the specific ultrastructural changes observed by electron microscopy. The terminology of these descriptive diagnoses refers to the anatomy ( Fig. 1 ) and histology ( Fig. 2 ) of the normal glomerulus; e.g., "mesangioproliferative" suggests the proliferation of mesangial cells, and "subendothelial deposition" refers to deposition of immune complexes on the endothelial side of the glomerular basement membrane.
Glomerular lesions observed in parasitic infections cover the whole range of lesions known. Most of these lesions are proliferative and therefore show an accumulation of cells in the glomerular tuft, i.e., a membranoproliferative (synonym of mesangiocapillary) or mesangioproliferative type of glomerulonephritis. Glomerular lesions with little or no proliferation, such as in membranous glomerulopathy, focal segmental glomerulosclerosis, and minimal-change disease, are sometimes seen.
Different clinical syndromes are associated with each type of glomerulopathy. The clinical manifestations range from isolated proteinuria or hematuria to nephrotic syndrome (proteinuria of Ͼ3.5 g/day, hypoalbuminemia, generalized edema, and hyperlipidemia), nephritic syndrome (glomerular hematuria, recognized by erythrocyte casts in the urine, and diminished glomerular filtration with some degree of azotemia, oliguria, and hypertension), renal insufficiency, and rapidly progressive glomerulonephritis (nephritic syndrome with dou-bling of the creatinine level in serum within 3 months as a sign of progressive renal failure). The renal diseases associated with parasitic infections are summarized in Table 1 .
Membranoproliferative glomerulonephritis is characterized by accentuation of the lobulation of the capillary tuft due to mesangial and endothelial proliferation; this is generally segmental in membranoproliferative glomerulonephritis secondary to infections. The proliferations are seen in association with the typical double contour of the glomerular capillary wall. These lesions are thought to be due to the combination of chronic glomerular showers of antigens, antibodies, and/or immune complexes; activation of the coagulation cascade; and hemodynamic features. All these factors lead, on the one hand, to immune complex depositions in the mesangial and subendothelial areas and, on the other hand, to endothelial-cell damage. The clinical manifestations range from isolated proteinuria or hematuria to the nephrotic syndrome or the nephritic syndrome.
In pure mesangioproliferative glomerulonephritis, glomeruli exhibit extension of the mesangial matrix, proliferation of mesangial cells, and immunoglobulin deposits in these mesangial areas. The clinical manifestations in this context vary from minimal to mild proteinuria.
Membranous glomerulopathy is characterized by the presence of electron-dense deposits containing immunoglobulins along the epithelial side of the basement membrane. By light microscopy, glomeruli either appear normal or exhibit diffuse thickening of the glomerular capillary wall with formation of spikes. Patients with these lesions present with nephrotic syndrome.
Another cause of nephrotic syndrome is focal segmental glomerulosclerosis; this rarely occurs in parasitic diseases. This lesion is characterized by segmental sclerosis and collapse of the capillary tuft of some but not all glomeruli.
Minimal-change disease is the last entity associated with nephrotic syndrome in parasitic diseases. Diffuse effacement of epithelial foot processes (podocytes) as seen by electron microscopy and the absence of lesions by light microscopy and immunofluorescence are the hallmark of this entity.
Only occasionally, crescentic glomerulonephritis is associated with parasitic infections. The crescents are the consequence of accumulation of inflammatory and epithelial cells in Bowman's (urinary) space and occur in all patients in whom the glomerular basement membrane is severely damaged. In these cases, glomerular filtration is deteriorating rapidly and the patients present clinically with rapidly progressive glomerulonephritis.
MALARIA
Malaria is one of the most prevalent infectious diseases in the world. It is the first parasitic infection that was clearly shown to be associated with nephrotic syndrome in tropical areas (29, 43) . Moreover, areas of the world with a high inci-FIG. 2. Glomerular histology. A transverse section through the structure in Fig. 1 is shown, giving details at the electron microscopic level. cap, glomerular capillary; ep, epithelium; bc, Bowman's capsule; ur, urinary space; end, endothelium; mes, mesangium; arrows, glomerular basement membrane. Reprinted from reference 36 with permission of the publisher. dence of nephrotic syndrome overlap with those where Plasmodium malariae occurs (65) . Four species of plasmodiaPlasmodium vivax, Plasmodium ovale, Plasmodium malariae, and Plasmodium falciparum-are responsible for malaria. All four species of Plasmodium have complex sexual cycles in their insect vectors; the sexual cycle ends with the production of sporozoites, which are inoculated into the mammalian host by the bite of the female anopheline mosquito. After a brief passage in the peripheral blood, the sporozoites invade hepatocytes. In the liver, merozoites are produced by a process of asexual multiplication; they rupture and return to the circulation, where they are ingested by erythrocytes. In the erythrocytes, a second cycle takes place (merozoite-trophozoite-schizont-merozoite).
Only two of the malaria parasites, namely, P. malariae (quartan malaria) and P. falciparum (falciparum malaria), are clearly associated with renal disease, and this occurs only in a small percentage of patients.
Plasmodium malariae
Renal involvement in the course of quartan malaria is generally characterized by nephrotic syndrome. A membranoproliferative type of glomerulonephritis with relatively sparse proliferation of endothelial and mesangial cells is the most common type of glomerular lesion encountered in quartan malaria (Fig. 3) . As expected from this type of lesion, granular deposits of immunoglobulin M (IgM), IgG, and C3 are observed in mesangial and subendothelial areas by immunofluorescence. Focal and segmental glomerulosclerosis can be seen as well. Focal and segmental glomerulosclerosis are generally superimposed on or a result of the above-mentioned lesions and sometimes lead to global glomerulosclerosis (67) . Since chronic glomerular disease associated with P. malariae is usually not reversible by treating the infection, a role for genetic and environmental factors is suspected (38) .
Plasmodium falciparum
In contrast to infection with P. malariae, there is little to suggest that glomerulonephritis is commonly a dominant and sole lesion in patients infected with P. falciparum. Nephrotic syndrome or proteinuria is rare and, if present, is usually associated with the same type of glomerular lesions as in quartan malaria. However, renal involvement in falciparum malaria is usually transient and disappears when the infection is brought under control. A striking feature of falciparum malaria is the occurrence of acute renal failure with or without overt hemoglobinuria. The pathology in this context consists of tubulointerstitial damage such as tubular necrosis, hemoglobin and cellular casts in tubuli, and interstitial edema (67) . These lesions seem to be due to impaired blood flow in the microcirculation as a consequence of increased rigidity and adhesiveness of erythrocytes, hypovolemia, intravascular coagulation, and hemolysis.
Pathogenesis of Glomerular Disease
Malarial nephritides are thought to result from the combination of endothelial damage and immune-complex deposition. The local release of inflammatory mediators and the disturbance of the microvasculature by intravascular hemolysis and coagulation may lead to glomerular endothelium activation and damage. Humoral immunity is thought to play a central role in malarial nephritis since immunoglobulins are deposited in glomeruli and circulating immune complexes are detected (52, 78) . However, immune complexes containing malarial antigens represent only a fraction of the immune deposits in glomeruli. Hyperimmunoglobulinemia and autoantibodies are frequently encountered in patients infected with Plasmodium spp. This suggests that polyclonal B-cell activation may participate in malarial nephritis. Moreover, malaria induces a generalized T-cell immunosuppression secondary to the production of immunosuppressive cytokines by macrophages Animal models developed in different species such as monkeys, chickens, mice, and rats have confirmed that plasmodia may induce immune complex-mediated glomerulonephritis (13, 26) . Mice and rats infected with Plasmodium berghei develop only mild proteinuria associated with a transient pure mesangial glomerulonephritis. In later studies, proliferative glomerular changes with overt proteinuria, more similar to malaria-associated glomerular disease in humans, were obtained (49, 79) . Since malarial antigens are detected in glomeruli before immunoglobulin deposits can be seen, the in situ formation of immune complexes is suggested (13, 26) . Others describe a role for DNA-binding antibodies and cell-mediated immunity in the development of malarial nephritis (49, 79) .
SCHISTOSOMIASIS
Although schistosomiasis is one of the oldest and most widespread parasitic infections, its association with glomerular disease was established only in the 1970s (4, 10) . In some areas of endemic infection, more than 90% of adults are infected with schistosomes. Infection occurs through contact with water containing the infective free-swimming cercariae. These burrow through the epidermis and/or mucous membranes and enter the bloodstream. The male carries the female to the submucosal venules of the bladder (Schistosoma haematobium) or the intestines (Schistosoma mansoni), where the female deposits her eggs. These eggs secrete an enzymatic substance which destroys surrounding tissue, and the eggs are discharged in the lumen of the gut or bladder, from where they are shed with urine and faeces.
Schistosoma haematobium
Schistosoma haematobium gives rise to renal problems as a result of direct invasion of the urinary tract. Egg deposition may induce chronic bladder infection, calcification and fibrosis with extension to the ureters, and carcinoma of the bladder, especially squamous cell carcinoma. The fibrosis may lead to irregular ureteral stenoses and eventually to dilatation, resulting in either hydronephrosis or reflux nephropathy. In the rare reported cases of glomerular diseases associated with S. haematobium infection, concomitant chronic salmonellosis seems to be involved (10) .
Schistosoma mansoni
Patients with chronic S. mansoni infection involving portal hypertension and an enlarged spleen (hepatosplenic schistosomiasis) have an increased frequency (15%) of renal disease; this infection is clinically characterized by variable proteinuria ranging from asymptomatic to nephrotic syndrome (4, 10, 61) . The pathological changes vary.
Membranoproliferative glomerulonephritis is one of the most common manifestations of this infection, together with mesangioproliferative glomerulonephritis (Fig. 4) . Focal and segmental glomerulosclerosis frequently appears later in the course of the disease. Occasionally, membranous glomerulopathy and crescentic glomerulonephritis are seen as well. Immunofluorescence and electron microscopy reveal the presence of immune complexes containing IgM, IgG, IgA, IgE, complement components, and schistosomal antigens in the mesangium and along the endothelial side of the capillary wall. Sometimes renal histological changes are found to precede clinical manifestations (5, 9, 69) .
Pathogenesis of Glomerular Disease
The insights into the pathogenesis of glomerular disease associated with schistosomiasis share many features with malarial nephritis. The presence of schistosomal worm antigens in the glomerular deposits and the detection of circulating immune complexes containing schistosomal antigens were described first (39, 72) . This strongly supports the hypothesis of an immune-complex glomerulonephritis. Moreover, Hillyer VOL. 13, 2000 GLOMERULOPATHY DUE TO PARASITIC INFECTIONSand Lewert (35) found precipitating antibodies to DNA in sera from hamsters infected with Schistosoma japonicum, suggesting a role for anti-DNA antibodies in a context of polyclonal B-cell activation. On the other hand, Fujiwara et al. (28) showed that polyclonal B-cell activation alone was not sufficient to induce glomerular damage in infected mice. This suggests that additional mechanisms such as genetic and environmental factors (chronic salmonellosis) participate in the development of full-blown nephritis in this context. The absence of amelioration of the glomerular disease with the treatment of the infection and the lack of correlation between the severity of the nephritis and the intensity of the parasite infection support the hypothetical role of autoimmunity in schistosomal nephritis. Moreover, since glomerular changes are particularly prevalent in hepatosplenic schistosomiasis, portal-systemic shunting might be involved in the development of glomerular lesions. Accordingly, ligation of the portal vein in mice enhances immune-complex deposits in the kidneys (72) . Glomerular lesions, however, are more severe and more common in hepatosplenic schistosomiasis than in hepatic cirrhosis, confirming the role of (auto)immune mechanisms in schistosomal nephritis (5) . In addition, the severity of the glomerular lesions and proteinuria is correlated with the impairment of hepatic macrophage function (11) . This macrophage function may involve the clearance of circulating immune complexes and eventually the clearance of other nephritogenic factors.
LEISHMANIASIS

Leishmania donovani
Glomerular lesions are observed with visceral leishmaniasis (kala-azar) caused by Leishmania donovani. Cutaneous or mucocutaneous leishmaniasis caused by other Leishmania species (Leishmania tropica, Leishmania mexicana, etc.) are not associated with renal disease. Leishmanial parasites are transmitted by the bite of sand flies of the genera Phlebotomus and Lutzomyia. L. donovani are found intracellularly in monocytes and endothelial cells.
A prospective study has shown that 60% of patients with kala-azar have mild proteinuria with benign changes in the urinary sediment (microscopic hematuria and leukocyturia) (25) . The pathological picture is a glomerulonephritis ranging from purely mesangioproliferative to membraneoproliferative, sometimes associated with focal and segmental collapse of capillary loops. Moreover, tubulointerstitial damage is generally present and consists of tubular degeneration and inflammatory infiltration. Amyloidosis can be a complication of kala-azar. Using immunofluorescence, IgG, IgM, IgA, and C3 are seen in the mesangium with some extensions along the capillary loop. On the ultrastructural level, irregular thickening of the glomerular basement membrane is seen together with subendothelial and subepithelial dense deposits (22) . Renal involvement seems to revert with the cure of the leishmanial infection.
Pathogenesis of Glomerular Disease
Kala-azar is usually associated with hyperimmunoglobulinemia with high IgG levels, circulating immune complexes, and high titers of rheumatoid factor and cryoglobulin. Together with the presence of immunoglobulins in the glomeruli, this suggests the pivotal role of polyclonal B-cell activation and "classical" B-cell activation in the pathogenesis of leishmanial nephritis. This is also supported by data obtained with hamsters infected with L. donovani (63) . These animals developed glomerular lesions mimicking the human leishmanial glomerulonephritis counterpart. In this model, L. donovani antigens are detected in glomeruli, suggesting their pathogenetic role (63) .
TRYPANOSOMIASIS
Trypanosoma brucei
African trypanosomiasis is a protozoal disease caused by motile hemoflagellates of the genus Trypanosoma. Trypanosoma brucei rhodesiense (tropical east Africa) and Trypanosoma brucei gambiense (tropical west and central Africa) are transmitted by the bite of tsetse flies (genus Glossina). T. b. rhodesiense is the more acute of the two forms, often causing death within 1 year if not treated. The Gambian form is usually characterized by several bouts of clinical activity alternating with latent periods that persist for a number of years. The clinical stages of trypanosomiasis range from the trypanosomal chancre that appears at the site of inoculation to febrile attacks, diffuse intravascular coagulation (T. b. rhodesiense), lymphadenopathy (T. b. gambiense), and eventually progressive brain dysfunction leading to sleeping sickness, cachexia, and death. Although glomerular disease associated with T. brucei infection has been described in several species, human glomerulonephritis associated with African trypanosomiasis is limited to an occasional report (8) , as is the association of Trypanosoma cruzi infection (Chagas' disease or American trypanosomiasis) with nephritis (19) .
One of the T. brucei subspecies (T. b. brucei) is not infective in humans. Many vertebrates infected with T. b. brucei do develop disease associated with glomerular involvement. The relative ease in inducing and reproducing experimental disease allows the study of the mechanisms involved in this glomerulopathy, which is seen by some as a model for infection related glomerulopathy. Trypanosomal nephritis has been described in rhesus monkeys (54) , rabbits (27, 53) , rats (17, 48, 59) , and mice (71, 74) and varies from purely mesangioproliferative to membranoproliferative glomerulonephritis. By immunofluorescence, IgM, IgG, and complement components are seen in the mesangium, along with some extensions along the glomerular capillary walls. On the ultrastructural level, large electron-dense deposits are observed in mesangial, subendothelial, and subepithelial areas (Fig. 5) .
Pathogenesis of Glomerular Disease
Several hypotheses about the pathogenesis of the glomerular lesions exist. Most studies postulate a preponderant pathogenic role for immune complexes, as with the other parasiterelated glomerulopathies. The glomerular immune complexes have been shown in some studies to consist of trypanosomal antigens and antitrypanosomal antibodies (27, 71) and in others to consist of autoantigen-autoantibody complexes (47, 59) , especially DNA-anti-DNA complexes (53) . Moreover, specific autoantibodies directed against glomerular antigens such as laminin and glomerular glycoproteins have been detected not only in the serum of experimental animals but also in glomerular eluates (17, 74) . Therefore, both specific B-cell activation ("classical" pathway) and polyclonal B-cell activation seem to be involved in trypanosomal nephritis. However, humoral immunity alone cannot account for the development of albuminuria, since experiments with different mouse strains show that there is no direct relationship between the glomerular fluorescence pattern, proteinuria, and autoantibody production (76) .
Moreover, these experiments demonstrate that host-related factors, determined by non-major histocompatibility complex genes, are important for the development of glomerulonephri- 
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GLOMERULOPATHY DUE TO PARASITIC INFECTIONStis associated with African trypanosomiasis. To delineate which parts of the defense system (in addition to the B-cell response) are involved in the development of glomerular disease, the participation of the thymus, spleen, and mononuclear phagocyte system was investigated (75) . First, glomerular disease occurs in the absence of thymic tissue, since nude mice infected with T. b. brucei parasites developed albuminuria and some glomerular immunoglobulin deposits in the absence of polyclonal B-cell activation. Thus, the presence of autoantibodies or immune complexes in the context of polyclonal B-cell activation alone could again not explain the full glomerular disease, i.e., histological glomerular changes and albuminuria. Second, these studies have revealed that the spleen is a crucial organ since albuminuria could be prevented or significantly lowered by splenectomy, depending on the timing of the procedure. Third, macrophage depletion leads to a significantly higher albuminuria in infected mice for up to 2 weeks after depletion. Thus, trypanosomal glomerulopathy is independent of T cells, while macrophages have an inhibitory rather than an inducing effect. The spleen enlargement during T. b. brucei infection is not fully understood. It is due in part to an increase in extramedullary hematopoiesis and in part to a proportional increase in the number of CD4 ϩ T cells, CD8 ϩ T cells, and B cells. Moreover, a relative increase in the number of null cells (CD4 Ϫ , CD8 Ϫ , Ig Ϫ ) is observed (51) . In this respect, the massive increase in the number of splenic ␥␦ T cells is a particularly interesting finding (B. de Geus, M.-L. F. van Velthuysen, and E. De Heer, unpublished data), especially since these ␥␦ T cells seem to be involved in resistance to T. b. brucei infection. Their role in the pathogenesis of this glomerulopathy should be investigated further.
HYDATID DISEASE
Echinococcus granulosus
Hydatid disease is caused by Echinococcus granulosus. Sheep, cattle, and camels are the common intermediate hosts for this worm, whose eggs are passed in stool and are often transmitted to humans by dogs, which act as intermediate hosts. Therefore, this disease has its highest incidence in countries where sheep and cattle raising is carried out with the help of dogs, i.e., the Middle East, Australia, New Zealand, South Africa, South America, and the Mediterranean area. The embryos escape from the eggs, penetrate the intestinal mucosa of the human host, and enter the portal circulation. Although most larvae are filtered out by the liver and lungs, some organisms escape to the general circulation to involve other sites such as the kidneys (2%). The larvae that are not destroyed develop into hydatid cysts, which are unilocular, in contrast to those of Echinococcus multilocularis, which are multilocular. These cysts can be discovered by accident or can be detected because of pain or accidental rupture, leading to allergic reactions and hypotension. Most reports of hydatid disease and renal involvement concern renal cysts, but a few cases of glomerular lesions associated with hydatid disease have been described. The histological changes in these cases range from the membranous pattern to the membranoproliferative pattern (2, 20; B. Rincon, C. Bernis, A. Garcia, and J. A. Traver, Letter, Nephrol. Dial. Transplant. 8:783-784, 1993) . Renal involvement in E. multilocularis infection has not been described.
Pathogenesis of Glomerular Disease
Most cases of glomerular lesions associated with hydatid disease are reported to be reversible by treating the infection (20, 77) . Moreover, Viatel et al. (77) eluted echinococcal antigens and antibodies to these antigens from renal tissue of their patient, supporting an immune-complex-mediated pathogenesis. The naturally existing model of E. granulosus-associated membranoproliferative glomerulonephritis in sheep might help to unravel the mechanisms involved in this disease (2), but follow-up of these studies has not been reported.
FILARIASIS
Filarioidea
The parasites causing filariasis belong to the superfamily of Filarioidea. The viviparous female worms discharge microfilariae that migrate to human blood or subcutaneous tissues, where they can wait for weeks or months until they are ingested by hematophagous arthropods. In these vectors, they become filariform larvae, which can mature into adult worms in a new host. Four different parasites, each transmitted by its own specific vector, are responsible for three clinical diseases. The different parasites are identified by their location, periodicity, morphological characteristics, and clinical presentation of the disease they cause. Wuchereria bancrofti and Brugia malayi cause lymphatic filariasis, which is characterized by lymphatic blockade and elephantiasis but is asymptomatic in many cases (24) . These infections are endemic in Africa, Southeast Asia, and the coastal planes of South America. River blindness is caused by Onchocerca volvulus, which is endemic throughout tropical Africa and Central and South America and is characterized by blindness and a pruritic skin rash. It is transmitted by blackflies of the genus Simulium, which breed along fast-moving streams. The third disease is loiasis, which is caused by Loa loa. Transient subcutaneous swellings (Calabar) are the hallmark of this disease.
Several studies have recently shown a clear association of filariasis and glomerular disease (24, 46, 55, 57) . This association is often difficult to establish due to frequent coinfections (hepatitis B and malaria). Except for an occasional report of acute glomerulonephritis (21), most case reports as well as the studies mentioned describe a mesangioproliferative or membranoproliferative glomerulonephritis (55) . Among patients with loiasis, several cases of membranous glomerulopathy and a single case of focal and segmental glomerulosclerosis have been reported (57) . During O. volvulus infection, an occasional case of minimal-change nephropathy is found (55) .
Pathogenesis of Glomerular Disease
Glomerular disease associated with filariasis is thought by most authors to be immune complex mediated. Parasitic antigens were demonstrated in glomeruli from 9 of 18 patients with proliferative glomerular disease due to onchocerciasis, supporting this hypothesis about the pathogenesis in these 9 patients (55) . Treatment of patients with bancroftian and onchocerciasis infection was shown to increase the incidence of hematuria and proteinuria, which remained after treatment (24, 33, 56) . This is an argument in favor of the pathogenicity of immune complexes, since it is presumed that there is an increase in the number of circulating immune complexes during treatment due to the disintergration of parasites. These complexes are cleared after effective treatment. In L. loa and B. malayi infection, however, treatment did not have any effect on glomerular lesions (46; V. K. G. Pillay, E. Kirch, and N. A. Kurtzman, Letter, JAMA 225:179, 1973). Therefore, other factors are thought to be involved. To date, rheumatoid factor is the sole mediator which has been investigated for its role in glomerular disease. Although elevated levels of rheumatoid factor were found in loiasis patients, no correlation with the presence of glomerular disease has been established (1).
BABESIOSIS
Babesia is a tick-borne intraerythrocytic parasite. In Europe, Babesia bovis and Babesia divergens are transmitted from cattle to humans. Asplenic persons are particularly susceptible to this disease. In the United States, most infections are caused by a rodent parasite, Babesia microti, usually in patients with intact spleens. In severe cases involving massive hemolysis, renal involvement, resulting in acute renal failure is seen (16, 70) . In South Africa, canine babesiosis is observed and is caused by Babesia canis; infections result in similar symptoms (50) . Glomerular involvement has been described only in a rat model (6) . In this model, a transient proteinuria is seen, with proliferative glomerular changes and mesangial IgG and complement.
TOXOPLASMOSIS
Toxoplasmosis is caused by Toxoplasma gondii; it is a ubiquitous infection and less common in hot, cold, and arid areas. Infection occurs by the ingestion of cysts or oocyts or by the transplacental or hematogeneous (transfusion, transplantation) route. Most recent reports about renal disease associated with T. gondii infection deal with the problem of acute renal failure due to sulfadiazine crystal deposition in the urinary tract after treatment of Toxoplasma encephalitis with this drug. In the early 1970s, Huldt (40) described a mesangioproliferative glomerulonephritis in mice infected with T. gondii. Glomerular immune complexes were shown to contain Toxoplasma antigen. In a subsequent retrospective study of 150 cases of membranoproliferative or mesangioproliferative glomerulonephritis, 1 was shown to be related to Toxoplasma infection (30) . Apart from this, an occasional case of congenital glomerulosclerosis due to congenital toxoplasmosis is reported (66) .
TRICHINOSIS
Trichinosis is an infection of humans and other mammals by Trichinella spiralis. This disease is characterized by diarrhea, myositis, fever, prostration, periorbital edema, eosinophilia, and occasionally myocarditis, pneumonitis, or encephalitis. People are infected by ingestion of infected pork or bear meat, particularly in Europe and North America. The majority of infections are asymptomatic. A few cases of membranoproliferative glomerulonephritis associated with trichinosis have been described (44, 64, 68) . Severe cases were fatal and were accompanied by acute tubular necrosis and myoglobinuria (44) ; in other cases, urinary sediment abnormalities disappeared after the infection was brought under control (68) . Immune complexes were seen in glomeruli, but Trichinella antigen was not looked for. (14) .
OPISTHORCHIASIS
Opisthorchiasis is caused by
GENERAL CONSIDERATIONS AND CONCLUSIONS
Parasitic protozoa account for more morbidity and mortality than any other class of infectious organisms. However, only recently have the tools of immunology and molecular biology been applied to protozoal diseases and opened new research horizons. These investigations have taught us new immunologic pathways involved in response to parasite infestations. Although few of these new technologies and developments have been applied to the field of the nephropathology, they may be useful tools to highlight the mechanisms of infection-related glomerular diseases. These results may in turn give new insights into the pathogenesis of primary ("idiopathic") glomerulopathies. It is beyond the scope of this paper to review all mechanisms underlying immunologically mediated glomerulonephritides. Instead, we focus on relevant pathogenic factors leading to glomerular injuries in the context of parasitic infections. These mechanisms are schematically summarized in Fig. 6 .
A fundamental feature of most parasitic infections is their chronicity, characterized by fluctuations in antigenemia and therefore in host immune responses. There are many reasons for this, including weak natural immunity and the ability of parasites to escape the immune system of their host. The respective roles of natural immunity, cellular immunity, and humoral immunity in fighting parasitic diseases are still a matter of debate. Results obtained with gene knockout mice have convincingly shown that acquisition of resistance to intracellular parasites is generally a function of CD4 ϩ ␣␤ T cells, which produce gamma interferon (IFN-␥) and thus are of the TH1 type (41) . Extracellular parasites are best counteracted by a combination of TH2-and TH1-type cells, e.g., TH0 cells (62) . However, this useful rule suffers exceptions and should not be considered a dogma (3). Indeed, depending on the parasite strain and the life cycle stage, a given cytokine can exercise the opposite effect on the course of the disease. To escape the protective response of T-helper cells, different parasites manipulate the immune system of a susceptible host. Striking examples are African trypanosomiasis (caused by an extracellular parasite) and leishmaniasis (caused by an intracellular parasite). Defense against T. b. brucei depends on the production of interleukin-4, a TH2-type cytokine (7). However, the parasite itself produces a T-lymphocyte triggering factor, which triggers CD8 ϩ T lymphocytes to proliferate and secrete IFN-␥, which in turn stimulates parasite growth. In contrast, to counteract the protective response of TH1 cells, Leishmania spp. induce transforming growth factor ␤ (a cytokine with macrophage inhibiting or deactivating capabilities), enhance the expression of interleukin-10 (a TH2-type cytokine with immunosuppressive properties), and interfere with the IFN-␥ signalling pathway (12, 45) . On the one hand, this leads to a general T-cell immunosuppression, while on the other hand, it leads to a TH2-mediated response. This type of response is associated with polyclonal B-cell activation (31) . Polyclonal B-cell activation is implicated in the onset of glomerular disease associated with systemic autoimmunity in numerous experimental models (32) . Despite these data, the direct role of the TH2-type cytokines in parasitic glomerulopathies has not been investigated.
Antibodies produced during the course of parasitic infection, either by the "classical" pathway or in the context of polyclonal B-cell activation, may accumulate in glomeruli in different ways such as passive trapping of immune complexes, in situ immune-complex formation (binding of antibody to the antigen that was "planted" previously in glomeruli), and direct binding of autoantibodies to glomerular autoantigens. However, different studies have clearly established that these antibodies are neither sufficient nor necessary for the development of proteinuria, one of the parameters of glomerular dysfunction. Moreover, results obtained with Xid mice (B1-deficient mice) infected with Leishmania have even, surprisingly, shown that B cells contribute to the progression of the disease (37) . Unfortunately, renal pathology was not investigated in this setting. These observations affirm the importance of other parts of the defense system in the pathogenesis of glomerular diseases.
With the exception of B cells and CD4 ϩ T cells, innate immunity is also implicated in the pathogenesis of glomerular disease. Macrophages, granulocytes, natural killer cells, double-negative ␥␦ T cells, and CD8
ϩ T cells are parts of the host response to parasitic infection and may participate in the glomerular damage. Thus, it is of interest that part of the glomerular hypercellularity in murine malaria is due to an influx of CD8 ϩ T cells (49) . These components of the primary immune system act through an intricate network of cytokines and other inflammatory mediators such as complement factors, oxygen radicals, enzymes, and kinines. These mediators are involved in glomerular lesions in other experimental models, either by causing direct cellular damage (42) or by activating the coagulation cascade, and may therefore be responsible for the glomerular injury in parasitic infections as well.
To conclude, although the association of parasitic infections with glomerular injury is clear, the pathogenesis of parasitic glomerulonephritides is not. As in autoimmunity, different mechanisms and host and environmental factors are at play and are interrelated (summarized in Fig. 6 ). FIG. 6 . Interacting closely with one another, the innate, cellular, and humoral compartments of the immune system play a role in fighting parasitic infections and in turn are involved in the pathogenesis of associated glomerulopathies. During infection, several inflammatory mediators are released. These factors may, on the one hand, directly damage the different glomerular cell types or may, on the other hand, participate in the activation of specific subsets of T and B cells, resulting in different levels of antigen, antibody, and immune complexes. Depending on the site of the immune-complex deposition and on the type of primary damaged glomerular cells, different glomerular lesions may develop. Ag, antigen; Ab, antibody; GN, glomerulonephritis; GP, glomerulopathy; IC, immune complex; NK, natural killer cell.
